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The isobaric analog state (IAS) is excited by the (p,n) reaction via an isovector 
potential (Lane potential) Vpn which can be derived from the Lane model
1) using the 
following equation: 
 
( ) ( ) ,2/1 VVTV pnpn −= − ,     (1) 
 
where Vp and Vn are proton-target and neutron-target potentials, respectively.  T is the 
isospin of the target nucleus.  When the Vp and Vn are generated from the nucleon-nucleus 
folding potentials on the basis of both nucleon-nucleon interaction and nucleon densities (ρp, 
ρn), the Vpn depends on the neutron-proton density difference ( ρn – ρp )2),3). Thus, the 
(p,nIAS) reaction is expected to be affected by the neutron-proton density difference and to 
provide a good place for studies of the nucleon density distributions in nuclei. 
 In this work we aim to study the nucleon density distributions in nuclei by 
comparing the experimental cross sections and angular distributions for the IAS transition 
through the (p,n) reaction as well as the elastic proton scattering at the same incident energy 
with those for the theoretical calculations including the theoretical or semi-empirical 
nucleon-densities4).  
 The experiments were performed using a 65 MeV-proton beam from the AVF 
cyclotron5) at CYRIC.  The proton beam energy was chosen so that the systematic data6) of 
the elastic proton scattering at 65 MeV performed at RCNP, Osaka University can be 
employed as the proton data for the above comparison.  The proton beam was 
momentum-analyzed by the analyzing magnet (ANA3)7) which has been designed to 
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provide a momentum resolution of 1/2400. In addition, the sinusoidal beam chopping 
system8) was used to obtain a sufficient dynamic range (493 nsec between the beam bursts) 
for the neutron time-of-flight (TOF) measurements. 
 The chopped beam was delivered into the neutron TOF facility9).  The targets 
used were isotopically enriched 42Ca  (99 %) and 208Pb (98 %) metallic foils.  The target 
thicknesses were 5.0 mg/cm2 for 42Ca and 9.7 mg/cm2 for 208Pb. Energies of the emitted 
neutrons were measured by means of a time-of-flight technique using the large-volume 
neutron-detector system located at a distance of 43 m from the target. Angular distributions 
of the neutrons were measured in the angular range from θlab. = 0o to 60o with the beam 
swinger system. 
 Figure 1 shows typical neutron spectra of the 42Ca, 208Pb(p,n) reactions at 65 MeV.  
The IAS transitions have been observed at the ground state of 42Sc and Ex = 15.18 MeV in 
208Bi. In Fig. 2 the measured angular distribution of the differential cross section for the 
42Ca, (p,nIAS) reaction is shown.  The microscopic Lane-model analysis for the observed 
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Fig. 2.  Angular distribution of the differential cross section for the IAS transition leading to the ground state 
in 42Sc. 
 
